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ABSTRACT 



Hydrogen sulfide arid its precursors can be selectively 
sorbed from gas streams containing the same by coi^ 
tacting the gas sti^gAm at elevated temperatures with a 
regenCTable sorbent comprisin g a steam-treated support 
composited with a rare earth metal component. Pre- 
steaming the support lowers the amount of rare earth 
metal component needed to achieve a given activity 
level for hydrogen sulfide removal. Subsequent to sorp- 
tion, the sorbent composite may be desorbed and regen- 
erated by treatment with steam (desorption) and an 
oxidizing gas (regeneration). The sorbent capacity may 
be increased by ^e use of alkali or alkaline earth metal 
components as promoters. A preferred sorbent com- 
prises 1<>p f>»atiiit« composited with presteamed alumina. 
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selected from the group consisting of hydrogen sulfide, 
PROCESS FOR PREPARING A GAS carbonyl sulfide and mixtures thereof from gaseous 

- DESULFURIZATION SORBENT mixtures containing the same which process comprisjw 

contacting the gaseous mixture with a sorbent compris- 
This is a division of application Ser. No. 536,164, now 5 ing (i) a steam-treated inorganic oxide support and (ii) at 
U.S. Pat No. 4,002,720, filed 12/24/74. least one rare earth metal component. 

^ ^^y^w^^r^rsi^i Furthermore, in accordance with the invention there 

BACKGROUND OF THE INVENTION ^ p^^^^^ ^ ^^^j,^ preparing a supported 

1. Field of the Invention sorbent, which method comprises first steam treating an 
This invention relates to a gas desulfurization process 10 inorganic oxide support and subsequently adding the 

utilizing a supported sorbent and to a method for the metallic component to the steam-treated support, 
prepaiation of the supported sorbent More particu- The steams-treated inorganic oxide support is an essen- 
larly, this invention relates to the removal of acidic tial component of the sorbent utilized in the process of 
gases, such as hydrogen sulfide and precursors thereof, the present invention. 

from a gaseous mixture by contacting the gaseous mix* IS The supported sorbent composite incorporating a 
ture with a regenerable sorbent comprising a stream- steam-treated inorganic oxide may be regenerated by a 
treated porous inorganic oxide support composited two-stage process involving desorption, preferably 
with one or more rare earth metal components. with steam, to remove the hydrogen sulfide as hydro- 

2. Description of the Prior Art gen sulfide from the composited sorbent followed by 
The removal of hydrogen sulfide from gaseous 20 treatment with an oxidizing gas. In this way, the regen- 

streams is of primary importance to refiners. Thus, not erable sorbent may be used many times for the removal 
only is hydrogen siilfide a catalyst poison for some of hydrogen sulfide or its precursors from gas streams, 
downstream processing, e.g., methanation of carbon Iq one embodiment of the invention, an alkali or alka- 
monoxide-contatning streains, but environmental con- liae earth metal component is added to the supported 
sideration dictate the removal of sulfur-containing com- 25 sorbent to increase the sorption capacity of the sup- 
ponents from fuel gases. The commercially available ported sorbent for hydrogen suliSde. 
processes for hydrogen sulfide removal can be roughly iq another embodiment of the invention, the sup* 
divided i^to two categories, that is, low temperature ported sorbent acts as a catalyst for the conversion of 
processes, e.g., 200*-300* F. involving scrubbing the carbonyl sulfide (a hydrogen sulfide precursor) to hy- 
gas stream with liquid solutions such as mixtures of 30 drogen sulfide by whiat is believed to be the following 
elhanolamines or nuxtures comprising anthraquinone mechanism: 
disulfonic acids, and high temperature processes, e^g., 

about 1,000' F., involving contacting the gas stream cos + HaO-^H^^OzS 0) 

with a bulk sorbent such as zinc oxide or ferric oxide. 

The low temperature processes typically incorporate 35 however, organic thio adds are known to be unstable 
some regenerable compounds which also act as an bxi- resulting in 
dant, oxidizing the hydrog^ sulfide to sulfur, in con* 

junction with a reductant, which regenerates the oxi- HjCQiS ^ CQ2 + HjS W 

dant. The use of such processes, however, when the . , . ^ 

gSor^ is to be cS^ is disadvantageous 40 the equilibrimn favoring the stronger Omse- 
^She gases normaUy produced at high tempe^e qu«itiy. the resultmg hydrogen suMde «jde^vdy 
must be cLled before treatment for hydrogen sulfide sorbed and the gaseous f^^^^^J depleted of both 
removal. High temperature processes on the other hand hydrogen sulfide and carbonyl sulfide, 
lead to the formation of highly stable sulfides. Materials BRIEF DESCRIPTION OF THE DRAWING 
used in these processes can be roasted to release the 45 ^^*t««^ . « 

sulfur as sulfiir dioxide. However, roasting yields a The accompanymg RGURE is a process flow dia- 
dilute streun of sulfur dioxide (about 14%) which is gram of an embodunent of the mvention. 
costly to process if air is used as the oxygen source. DESCRIPTION OF THE PREFERRED 

More concentrated sulfiir dioxide streams can be ob- EMBODIMENTS 
tained by using oxygen to roast the sorbent, also a costly 50 . . . *• ^ 

process. Steam niy also be used but the amount of The gas desulfiinzation process of the present uivcn- 
steam required is recessive. Thus, such sorbents are tion is suitable for reducing the suffide concentratoon of 
often di^ded rather than being regenerated. Such a gaseous streams contami^ a sulfide gas such as hydro- 
process is illustrated in U.S. Pat No. 3,579,293 which gen sulfide, carbonyl sulfide and nuxtures thereof. The 
discloses the use ofsupported ferric oxide and fly ash as 55 gaseous mixture containing a sulfide gas is treated by 
the sorbent to overcome the disintegration of soUd sor- contacting it with a supported swbent oompnsmg a 
bents during repeated periods of burning. steam-treated porous inorganic oxide suppwt comp» 

It has now been found that by stcam-Ueating a porous ited with a rare earth metal component which may be 
support prior to compositing it with a regenerable sorp- an individual rare earth or a mixture of rare «rths. 
tion active metalUc component, the amount of sorption 60 Suitable rare earth metal components mclude Imtha- 
active metaUic component necessary to achieve a given num, cerium, praseodymium, neodymium. promethium. 
level of hydrogen sulfide (or precursors thereoO re- samarium, europium, gadolinium, terbium, dysprosium, 
moval Ikom gaseous mixtures can be significandy low- holmium, erbium, thuUum, ytterbium, lutedum, diat is, 

metals having an atomic nufldber of from 57 through 71 
65 inclusive, or mixtures thereof can be satisfactorily cm- 
SUMMARY OF THE INVENTION ployed. The preferred metal components are lanthanum 

In accordance widi the invention diere is provided a or didymium. The term "didymium" is used herein to 
process for removing at least a portion of acidic gases designate a cerium-free mixture of rare earths compris- 
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tng metals mainly of the first half of the rare earths process is designed to operate at \,2(Xy F., the sup- 
series and primarily lanthanum, praseodymium and ported sorbent is calcined at 1,200" F., etc. 
neodymium. More preferably, the metal component is a The rare earth metal component may be present in the 
lanthanum component, lanthanum being the most abun- supported sorbent in any suitable sorption effective 
dant and therefore the most economically attractive of 5 amount, considerations being the gaseous feedstream to 
the metal components that can act as the active sorbent. ^ contacted and economical considerations regarding 
Suitable support material include porous inorganic ox- i^^g^h sorption and the desorption cycles. Desir- 
ides, such as alumina, sihca-alurama. titania, zirconia. ^^tal component is present in 
magnesm. thona. boiia. chromia, vamidia and mixtures ^^^^^ ^^^^^ j 3q ^ ^^.^^ 
thereof, preferably alumina The morganic oxide sup- - preferably from about 5 to 35 weisht 
port IS subjected to a steam treatment pnor to incorpor- ^ *^ r ui r i. * m * 
Sion of the nue earth metal component. The surface P« ^f^f'^y fj^'l ^^""^ .^^ 
area of the support material prior to the steam treatment ^^^S^* P^^^««^ calculated on the basis of the oxide 
generally ranges from about 100 to about 500 square tnereof. , . ^ 
meters per gram. preferred embodmient, the lanthanum or other 

The steam treatment is carried out at a temperature component can be supplemented by the 

ranging from about 700' to about 1,900' F., preferably addition of a promoter to increase the sorption capacity 

from about 900' to about 1,700% more preferably from of the supported sorbent for hydrogen sulfide at lined 

about 1,000' to about 1,600' F., for example 1,200' F., out (that is, steady state) conditions. The promoter may 

for a period of time ranging from about 60 to about ^ be any of the alkali or alkalme earth metals whose ox- 

6^000 minutes, preferably from 480 to about 4,000 min- ides are basic anhydrides, e.g. sodium oxide, potassium 

utes, and at a pressure ranging from about atmospheric oxide, calcium oxide, magnesium oxide, etc. or salts of 

to about 200 psig. Steam or a gas mixture comprising these metals that decompose on heating to the basic 

steam such as a steam-air mixture can be used to treat anhydride, such as potassium nitrate which decomposes 

the support. The steam treatment effects a reduction in to potassium oxide. Preferably, potassium or sodium is 

the surface area of the support Preferably, the steam employed as the promoter. Promoter effects are gener- 

treatment is conducted under such conditions and for a ally encountered at promoter concentrations of at least 

time sufficient to decrease the surface area of the sup- about 0. 1 atom of promoter metal per atom of sorption 

port by about 20% relative to the unsteamed support. It ^ active metal. Preferably, the ratio is at least about 0. 1 to 

is preferably to conduct the presteaming at a tempera- about 10 atoms of promoter metal per atom of sorption 

ture higher than the temperature at which the finished ^^^^ ^^^^ preferably at least about 0.5 to 3 

supported sorbent will be utilized. For example, in the ^^^^ promoter metal per atom of sorption active 

preparation of a sorbent intended for use at 1, 000' F^t ^ preferably from about 1 to about 2 

isprefeiable to presteam the support at U 100 Jo 1,300 35 ^ ^ ^.^^ 

F., i.e., the temperature of presteammg would then be , f' a a 1 *^ 1 

100* to 300' F. higher tiian the temperature at which the nieiai axom, e.g. ^ . . 

process will be operated. ^ is generaUy mc^rporated mto the sup- 

After the inorganic oxide support has been steam- P^^f mipregnation of the rare earth 
treated, the raie earth metal components ai« compos- 40 """^ component and calcmation. Thus, solutions of the 
ited with the steamed support in any suitable manner promoters, e,g. KOH. are basic m nature and could 
known in the art For example, a solution of lanthanum cause precipitation of tiie sorbent metal. The promoter 
nitrate may be contacted with a presteamed inorganic solution is used to impregnate the calcined supported 
oxide support, i.e. steam-treated alumina, to impregnate sorbent and then the promoted sori>ent is dried and 
the metal component as the steamed support. Suitable 45 calcined as previously described. However, when pro- 
rare earth metal compounds of the desired metal com- moter salts are employed such as the nitrates, impregna- 
ponents that can be utilized to impregnate the support tion of the steamed support by the promoter salt and the 
include water soluble salts, i.e., nitrates, acetates, car- rare earth may be accomplished prior to drying and 
bonates, etc., or hydrocarbon-soluble compounds. It is calcination, e.g. co-impregnation or serial impregna- 
only important that the compound be decomposable to 50 tion. 

the oxide form during subsequent calcination. Impreg- [q commercial use, the supported sorbent is employed 

nation is preferably effected under slightiy acidic condi- preferably m a fixed bed which allows cyclic contact by 

tions since basic conditions may cause the metal compo- jhe hydrogen sulfide-containhig gas and steam during 

nent, i.e., La(OH)3 to precipitate from solution thereby desorption step. 

increasing the difficulty of impregnating the presteamed 55 process of tiie invention is suitable for removing 

support. After impregnation, thc^^ metd-con- ^^j, ^ hydrogen sulfide and precursors 

tammg presteamed support may be dned by heatmg the ^^^^^ ^^^^ ^ ^^^^^ 

composite to dnve off moisture, for example, at a tcan- predominantdy inorganic gases such as gas 

perature ranging from about 212* F. to about 350* F. for uiiAtui« wi p^uiitmauiwjr ^ 
^ort periS of time, i.e. 60 to 180 mfaiutes, followed 60 ^^P^ Mrog«i anda c^bon oxidc^ e.g. 

by cald^tion in air or other oxidizing atmosphere. ^^^^ ^ Th« disclosed heiem b particu- 

Calcination may generally be effected at a temperature smtable to treat gas streams produced by the gasifi- 

above about 900' F.. preferably from about 900* F. to cation of fluid coke, such as shown in U.S. Pat. No. 
about 1,100' F. for at least eight hours, preferably about 3,661,543, the teachings of which are hereby mcorpo- 
12 to 24 hours. Desirably, the supported sorbent is cal- 65 rated by reference. The gas streams produced in the 
cined at the temperature of expected use, that is, if the gasification of fluid coke when gasification is effected 
sorption process is designed to operate at 1,000' F., the by either air or oxygen have typical compositions as 
supported sorbent is calcined at 1,000' F.; if the sorption shown below: 
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formation of a rare earth metal sulfide or oxysulfide, 
regeneration perhaps bemg effected through a redox 
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Process conditions are not generally critical, how- 
ever, equilibrium favors the formation of a metal sulfide 
(or oxysulfide) increasingly at increasing temperatures. 
Consequently, the process temperature is desirably 
above about 300* F., and ranges from about 300* to 
1,700* R, preferably above about 500* F., more prefer- 
The actual gas composition to be treated can vary 10 ably from about 600* to about 1,100" F., and most pref- 
widely and may also include minor amounts of carbonyl erably from about 700* to about 1,000" F. 
sulfide (COS), e.g. 0.01 to 2.00 mole percent of COS, as The pressure is not critical and the sorption process 
well as some light hydrocarbons, e.g. methane. can be operated at a wide range of pressures, for exam- 

The process is also suitable to treat gases produced or pie, between about 0 to about 600 psig, preferably from 
manufactured by the gasification of carbonaceous mate> 15 about 0 to about 100 psig. Similarly, space velocity may 
rials containing sulfur compounds such as coal, coke, ^jjq y^ry widely and can range from about 1 to 2,000 
whole or topped crudes, residua, 'distillates, e.g. naph- volumes of gas feed per volume of supported sorbent 
tha, gas, oil, etc. A general treatmwit of gas producing YiOMTf preferably from about 100 to about 1,500 

processes may be found in the Kirk-Othmer Encyclope- volumes of gas feed per volume of supported sorbent 
dia of Chemical Technology, Second Edition, Vol. 10 20 j^^^^ ^^^^ preferably from about 300 to 

(1966), New York: John Wiley & Sons, Inc., pages 353 ^^^^ , qqo volumes of gas feed per volume of sup- 
to 442. Natural gases containing hydrogen sulfide or its p^^^^ sorbent per hour. 

precursors, see Encyclopedia of Chemical Technology. Sorption capacity can generally be predetermined or 
supra, 443-^, may also be treated m accordance ^.,y ^^^^^ breakthrough point In any case, 
with this mvention. . 25 gaseous feedstream is then interrupted and 

The sorption process is also applicable to hydrogen- desorption cycle is commenced. As previously men- 

contaimng recycle gas streaim utilized m the hydro- desorption comprises a two-stage treatment 

treating of petroleum distillates, i.e. naphtha, atmo- hydrogen sulfide-loaded sup- 

sphenc or vacuum gas ^^^^^l^^f^^^ ^ ported sorbent with steam to desorb the hydrogen sul- 

stream may conuun ^'"^^ ^^^^^^^^ ^ fide in a concentrated gas stream followed by contact- 

gen, 3 to 10 mole percent of hydrogen sulfide, and the ^^^^ ^^^^ ^^^^ ^ ^^^^^^ 

balance being methane. atmosphere to complete the regeneration of the sup- 

Generally, however, the gas stream may contam hy- auiJ^"w«|" wmpivw m * |>« 

drogen sulfide or precursors thereof in any concentra- portea soroent. «. * j » ♦ « ™. - 

tion since the only effect wUl be the time to break- 35 DesorpUon can be eaaSy dTeqted at temperatm* and 
through, that is. the point at which the capacity of the P^'^^ ""^.ttons sumlar to tto^ mployedforj^ 
sorbent for sorbing hydrogen sulfide per incremental ^tage^ ^ " P«f"^ embodraent. desorptiOT a 

volume drops off fapidly, Ld regeneration of the sor- effected at Ae same reacUon oondihom. sorpton. 
bent may te desirable. Howevw. the occurrence of This aUows for abalanced operation with parallel reac- 
breakthrough does not mean that the sorbent is com- 40 tor trams and recogn^es the fact that desorpUon rate is 
pletely inartive to sorbing hydrogen sulfide; rather, a ^o^^V independent of temperature when the operation 
possibly unacceptable high quantity of hydrogen sulfide is effected at preferred oondittons. 
^ through tfic sorbSit unsorbcd. Thus, regenerat- ^worption is effected by contacttng the hydrogen 
^e soibent just prior to breakthrough point, which sulfide- oaded supported sorbent with steam or a gas 
am be easHy predetermined, is usually a preferred 45 contammg steam. Note that the steam treatment which 
method of operation. Preferably, however, the gas is effected in ±e desorption stage is a steam tr^tment of 
stream wiU contain not more than about 10 mole per- *e supported sorbent composite, m contrast to the 
cent hydrogen sulfide, more preferably not more than 5 . slam treatment effected dunng preparation of the sup- 
mole percent hydrogen sulfide and most preferably not Pprtcd sorbent which is Steam treatment of flie support 
more than about 3 mole percent hydrogen sulfide. 50 dong pnor to compc»sitmg the support with the metal 
An inert gas may be employed to dilute the gaseous component The resulting product gas streun cratams 
feedstream but is normally not desirable since it wiU hydrogen sulfide in much greater conMotrations Uian m 
tend to overly dilute the feedstream. Such a gas may be the feed gas stream and it can be readily sqiarated from 
steam, nitrogen, carbon monoxide, carbon dioxide, etc. the steam. e.g. that is, by oondenwtion. The steai.i rate 
or any like material so long as the gas does not have any 55 can vary widely ranging from about 0.1 to about 10 
oxidizing effect on the gaseous feedstream. The gaseous moles of steam per mole sorbed hydrogen sulfide per 
feedstream will preferably contain more steam, how- minute, preferably from about 0.5 to about 7 moles of 

steam per mole sorbed hydrogen sulfide per minute and. 
In accordance with the present invention, the gaseous still more preferably from about 2 to about 5 moles of 
feedstream is brought into contact with a supported 60 steam per mole sorbed hydrogen sulfide per minute, 
sorbent whereby hydrogen sulfide and its precursors. The desorption rate, however, is unaffected by increas- 
that is, caibonyl sulfide, are selectively sorbed. and ing the steam rate above about 4 moles of steam per 
remaining components of the gaseous feedstream pass- mole of sorbed hydrogen sulfide per minute. Taking 
ing dirou^ the sorbent substantially unaffected (car- into account total desorption rate and the amount of 
bonyl sulfide in the presence of steam will be hydro- 65 time required for . desorption. the steam fed during de- 
lyzed to hydrogen sulfide and sorbed and the sorbent sorption is about 1 to about 100 moles per mole of 
also acts as a moderate water gas shift catalyst). The sorbed hydrogen sulfide, preferably about 10 to about, 
sorbent process is believed to i»oceed via the.reversible .60 moles of steam per mole sorbed hydrogen sulfide and 
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more preferably 20 to 40 moles steam per mole sorbed 
hydrogen sulfide. If desired, an inert carrier gas may be 
employed in ranges varying from about 1 percent to 
about 99 percent inert gas, for example, nitrogen, he- 
lium, argon and the like. It has also been found that inert 5 
gases, that is, nitrogen, may be utilized to purge a hy- 
drated sorbent of sorbed hydrogen sulfide. Thus, a ceri- 
um-contammg sorbent has been desorbed at the afore- 
mentioned process condition using nitrogen. 

Completion of the desorfoing stage can easily be deter- 10 
mined by analyzing the product gas stream for hydro- 
gen sulfide, for example, by scrubbing the gas with a 
solution of cadmium acetate, Cd (CjU^O^ and simul- 
taneously measuring the volume of the gas. Hydrogen 
sulfide forms a yellow precipitate in cadmium solution, IS 
the precipitate being cadmium sulfide. The precipitate is 
then treated with a known excess of iodine and back 
titrated with thiosulfate. Thus, the quantity of sulfur 
present is determined by knowing the volume of gas, 
and the average concentration of hydrogen sulfide in 20 
the gas can be calculated. 

The steam desorbed supported sorbent may not have 
sufficient activity to be economically useful in subse- 
quent sorption cycles and therefore contact with an 
oxidizing gas, such as air or oxygen or an oxygen-con- 25 
taining gas, is desirable to restore desorption activity of 
the sorbent, that is, to regenerate the sorbent Contact 
with the oxidizing gas can also be effected at tempera- 
ture and pressure conditions sunilar to those utilized m 
the sorption and desorption cycles. The period of 30 
contact will generally be for a time sufficient to secure 
the desired degree of reactivation of the supported sor- 
bent, usually a few minutes and will vary as a function 
of temperature and gas flow rate. Reactivation is gener- 
ally effected in at least about 5 minutes but the air 3S 
contact period may range from about 5 minutes to 1 
hour at space velocities ranging from about 1 to about 
3,000 volumes of air per volume of supported sorbent 
per hour, preferably from about 100 to 2,000 volumes of 
air per volume of supported sorbent per hour, more 40 
preferably from about 500 to about 2,500 volumes of air 
per volume of supported sorbent per hour. The determi- 
nation of optimum air contact times can be easily estab- 
lished for any given set of conditions, that is, tempera- 
ture, sorbent composition, hydrogen sulfide capacity of 45 
the sorbent. 

The regeneration should result in restoration of the 
desired degree of sorbent capacity for sorbmg hydrogen 
sulfide and its precursors. Depending on the efBciency 
of regeneration, the efficiency of removing hydrogen SO 
sulfide during sorption increases with the thoroughness 
of the regeneration. However,, the point of break- 
through typically remains the same when the sorbentex- 
hibits lined-out (steady state) behavior. If reg^eration 
is poor, then the efQciency of sorption drops and if 55 
regeneration is very poor or incomplete, the capacity 
up to the point of breakthrough is diminished. The 
efficiency of sorption is the percent hydrogen sulfide 
removed up to the point of breakthrough. The capacity 
is how much hydrogen sulfide the supported sorbent 60 
can sorb. Regeneration is desorption treating with an 
oxidizing gas. The sorbent is useful because capacity 
reaches an essentially constant value from cycle to cy- 
cle, that is, it has lined-out 

The figure shows a balanced sorption-desorption op- 65 
eratipn carried out in parallel reactor trains and where 
the time period for soibent is substantially equal to the 
time period for desorption/activation. 



Turning to the figure and assuming for the moment 
that the sorption is being carried out m reactor A and 
desorption in reactor B, a gaseous mixture is fed by line 
10 through open valve 11 into reactor A which contains 
a sorbent comprising lanthanum oxide on presteamed 
alumina and where hydrogen sulfide is selectively 
sorbed and the cleaned up product gas exits reactor A in 
12 through open valve 34 and thence to downstream 
processing in line IS* At the same time as sorption is 
being carried out in reactor A, the sorbent in reactor B 
is undergoing desorption/activation. First steam with 
or without an inert carrier gas is fed from line 20 
through open valves 25 and 32 into reactor B via line 23. 
The desorbed product gas stream containing steam and 
hydrogen sulfide exits reactor B by line 14, open valve 
37 and via line 16 to hydrogen sulfide recovery. Subse- 
quent to steam desorption, valve 25 is closed and air is 
fed through line 22 and open valves 26 and 32 into 
reactor B via line 23 to activate the soibent The air 
exits in the same manner as the desorbing steam or may 
exit through a separate line (not shown). 

When the supported sorbent in re:actor A has reached 
capacity, the desorbing/activiation operation in reactor 
B is substantially complete and the reactors are 
switched, that is, reactor B will go on the sorption cycle 
while reactor A wiU go on the desorption/activation 
cycle. Thus, valve 11 is closed and 33 opened to permit 
feed gas in line 10 to enter line 13 in reactor B. Treated 
feed gas exits line 14 and valve 37 is closed while valve 
36 is opened and treated gas is collected from line 15« 
Similarly, the desorption/activation cycle is carried out 
in reactor A by sequentially openmg and closing valves 
25 and 26, 31 and 32 and 34 and 35. 

A balanced cycle is one whereb the time spent regen- 
erating the sorbent is equal to or less than the time spent 
sorbing. To illustrate itds point assume the following: 
given a sorbent capacity of 220 volumes of gas contain- 
ing 1.05 percent hydrogen sulfide per volume of sup- 
ported sorbent, that is, 100% removal of H2S from 220 
volumes of gas containing 1.05%H2S, breakthrough 
will, occur after 22 minutes of sorption at 600 
V/V Aour. This means that the regeneration time can- 
not exceed 22 minutes. Specifying an air treat of 1,000 
V/V/hour for 10 minutes, there are 12 minutes in which 
to accomplish the desorption in order to maintain a 
balanced cycle. If 30 moles of steam are to be used per 
mole of sorbed hydrogen sulfide, then the steam feed 
rate during desorption is 2.5 moles of steam per mole of 
sorbed hydrogen sulfide. Hence, 



So f|| i tiOii; 



Desorption: 



V/V/hour 

Capacity to breakthrottgh 
Time 

Steam Quantity 



Air Treat: 



Steam Rate 
Tune 

"v/V/hour 
Time 

Sorption Time 
Regeneration Tuie 
(Deorption and air treat) 
Total Cycle Time 



600 

220 Votome/Volume 
221 



30 moles per mole 
sorbed H2S 
2.5 moles per mole 
sojffacd HiS/min. 
12i 



1.000 

10 minutes 
22i 
22i 



The following examples will serve to illustrate further 
the invention. 
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metal components whereas Sorfoents C and D did not 
EXAMPLE contain rare earth metal components. Furthermore, 

' Various sorbents and support materials were tested Sprbents A and B contained alkali metal promoters, 
for activity in sorbing hydrogen sulfide from a gas Compairative experiments were made utilizing Sor- 
stream of the following composition: 5 bent A, which is the soibeiit in accordance with the 

present invention, with the other sorbents (that is, with 

Mole Percent of compoaent Sorbents B, C and D) to test the ability of these sorbents 

jj^ = — •■ to remove hydrogen sulfide and precursors thereof 

c£ 2.75 from gaseous mixture containing them. 

CO 20.08 10 The results of these experiments are reported in. the 



^ . 9!o8 following table. 

hS) ":70 TABLE 



Sorbent 



at a space velocity of 700 volumes of gas mixture per 15 Rare Earth Metal (Wt %) (J2jp o "5 

volume of supported sorbent per hour at a temperature '^^^i^^*'^* ,3:io i3:io o o 

of 1,000' F. and 0 psig. After hydrogen sulfide break- pxahi Stufaoe Area (mVg) U7-2 93.4 188.4 253.3 

through, the sorbed hydrogen sulfide was desorbed Fresh Pore Volume (cc) OJm 0.246 0.613 a565 

with steam and the sorbents were each subsequently ^'j^^'^^f ^'''^ 94.9 74J 783 59J 

given an air treat This cycle was repeated 27 times. 20 steaming Temperature (• F) 

Sorbent A. which is a supported sorbent in accor- LkSS^*^"^"^^ 1200-1200 - 

dance with the present invention, was made as follows: HjS^crptiOT/V/v^.i 220.0 182.9 \5J) — 

a high purity commercially available alumina having a Discharged^Sur&ce Area 

surface area of lAout 250 square mete« ^ ' " 

measured by the B.E.T.mtrogen absorption method set 25 87.9 93.8 - - 

forth in the Journal of the American Chemical Society, iFr«h, that b. prior to sorption. ~" 

VoL57,pg. 1154 (1935) was steamed at 1,200' F. for 960 >Dischaiged.tiiitu.«ftersoTptk». 

minutes at atmospheric pressure. This treatment re- »vA^/i.r.-voi«in« of i%H^co«t«imi.«^ per volume cfioito 

duced the surface area of the alumina to about 190 . t^i «. v ^ 
square meters per gram. This alumina was subsequently 30 As can be seen from the data m the table, the hydro- 
impregnated with La(N03)3. 6HjO such that the final gen sulfide removal process utilizing Sori>ent A. which 
concentration of the rare earth component would be has beoi prepared in accordance with the present m- 
12.5 weight percent La203and calcined at 1,000* F. in vcntion (that is, presteammg of the support prior to 
air for 16 hours. This preparation was subsequently incorporation of sorption active metallic components), 
impregnated with KOH such that the final concentra- 35 gave a higher lined-out (steady state constant capacity) 
tion of alkali as related to the concentration of rare than Sorbent B even though Sorbent A comprised only 
earth metal was 13 atoms of K for every 10 atoms of La half the amount of sorption active metallic components 
and calcined at 1,000* F. in air for 16 hours. than Sorbent B. Thus, presteaming of the inorganic 
Sorbent B, which is also a supported sorbent, was oxide support permitted decreasing the amount of lan- 
prepared as follows: a high purity conmiercially avail- 40 thanum sorbent in the sorbent composite without loss of 
able alumina identical to that used to prepare sorbent A, sorption capacity. 

having a surface area of about 250 square meters per result is indeed surprising since it would be ex- 
gram, as measured by the B.E.T. method indicated pected that the capacity of the rare earth sorbent for 
above, without any presteaming, was impregnated with hydrogen sulfide removal from gaseous mixtures would 
La(N02)3. 6H2O such that the final concentration 45 increase with increasing concentration (wdght percent) 
would be 25 weight percent La203 and calcined at of sorption active rare earth component, up to a certain 
1,000'F. in air for 16 hours. This preparation was subse- whereas, as shown by the above experiments, 
quently impregnated with KOH such that the final Sorbent A (which is the sorbent in accordance with the 
concentration of alkali as related to the concentration of present invention) contained a bout half the quantity of 
rare earth metal was 13 atoms of K for every 10 atoms 50 metal com ponent than iiorb ent B to achieve 
of La and calcined at 1,000' F. m air for 16 hours. a given level of hydroge n sulfide removal. 

Sorbent C is the steamed alumina used to prepare - >^ claimed is: 

Sorbent A, that is, Sort)ent C is an alumina idratical to preparing a supported sorbent for 

thatusedintheprepanitionofSofbenteAa^^ removing at least a portion of acidic gases from a gase- 

a surf-ace area of about 250 square^^ per gram 55 conX^g an acidic gasld^ from the 

which wassteamedat 1,200' ^^^^ T^'?^^.^^^^ ^JuTSLting of hjdrogen sulfide, carbonyl sulfide 

sp^ric pressure to S Ltures thereof, which process comprises: first 

siuface area of about 190 square meters per gram. Thus, • ' :J1 r^* « /»f 

Sorbents A and C are id^tical except for the presence ^^^.'^ "^'^^ 

of the rare earth and other metals in Sorbent A. 60 ^ne sufficien to decrease the surface area thcreot 

^Lnt D is the alumina used to prepare Sorbent B, subsequentiy impregnatmg the steam-treated support 

that is, it is an alumina identical to that used to prq>are with a solution of a rare earth metal compound tl^^ 

Sorbent B and differs from Sorbent B only in that the mally decomposable to the oxide, drymg and calcmmg 

rare earth and other metals are absent from the compo- said impregnated support. 

aUon. Thus, all four sori>ents were prepared from the 65 2. The process of claim 1, wherem said morgamc 

same commercially available alumina. Sorbent A and C oxide support is steam-treated at a temperature varying 

were presteamed whereas Sorbent B and D were not from about 700 to about 1,900* F, for a period of time 

presteamed. Sorbent A and B contained rare earth ranging from about 60 to about 6,000 minutes. 
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* ^ 5. The process of claim 1, wherein said rare eirth 

3. The process of claim 1, wherein said steam treat- ^^^j compound comprises lanthanum. 

ment is conducted at a pressure varying from about 6. The process of claim 1, wherein said rare earth 

atmospheric to about 200 psig. metal compound is a mixture of rare earth metal com- 

*^ f © J pounds compnsmg lanthanum, praseodymium, and neo- 

4, The process of claim 1, wherein said rare earth dymium. 

metal component calculated as the oxide thereof, com- 7. The process of claim 1, wherein said sorbent com- 

^ . ^ prises presteamed alumina impregnated with a lantha- 
prises from about 1 to about 50 weight percent of said compound. 

support. 10 • ♦ • • • 



IS 



20 



25 



30 



35 



40 



45 



50 



55 



60 



65 



01/09/2003, EAST Version: 1.03.0002 



